Platypnoea-orthodeoxia syndrome has the pathognomonic clinical findings of dyspnoea and arterial hypoxaemia relieved by recumbency. We report on a patient who presented with platypnoea-orthodeoxia syndrome post laparoscopic surgery. Platypnoea-orthodeoxia syndrome is an important diagnosis to consider when investigating hypoxia without an obvious cause.
Platypnoea-orthodeoxia syndrome (POS) is characterised by dyspnoea and arterial hypoxaemia relieved by recumbency. A plethora of clinical conditions have been reported to be associated with POS, including aortic aneurysm 1 , hepatopulmonary syndrome 2 and intracardiac causes (such as patent foramen ovale).
We report on a patient who presented with POS following a laparoscopic cholecystectomy. Although the relationship of the development of the POS to the surgery is unclear, the increased intra-abdominal pressure during the pneumoperitoneum could have been a factor. As there has been only one other report linking the condition to laparoscopic surgery 3 , we present this case with the patient's consent to increase awareness of the condition and to outline its features, diagnosis and management.
CASE REPORT
A 72-year-old man was admitted to intensive care for investigation and management of severe hypoxia (SpO 2 as low as 65%). He had had laparoscopic surgery one month earlier, and since then he had developed worsening exertional dyspnoea. His previous history included paroxysmal atrial fibrillation and episodic dyspnoea over the previous two years. He was a non-smoker and had no known lung disease. His regular medications included verapamil, aspirin, clopidogrel and rosuvastatin.
Investigations obtained prior to laparoscopic cholecystectomy included normal spirometry, normal ventilation-perfusion lung scan, normal cardiorespiratory exercise test, normal coronary angiography and a transthoracic echocardiogram demonstrating normal left ventricular function, bi-atrial dilatation, pulmonary artery pressure estimated at 22 mmHg and normal right ventricular function.
The indication for his laparoscopic cholecystectomy was acute cholecystitis. Preoperative oxygen saturations were recorded at 98% to 100% on room air with normal heart rate, respiratory rate and blood pressure. His anaesthetic management and intraoperative surgical management were routine and uncomplicated. The only deterioration noted in his postoperative course was a period of transient hypoxia (SpO 2 =90%) on the first postoperative day. This resolved to normal (99%) at discharge three days post-surgery.
The patient was reviewed in the surgical outpatient department four weeks later, where he was noted to be hypoxaemic with oxygen saturation of 66% and markedly dyspnoeic. He was transferred to our emergency department for further assessment. In view of the severity of his hypoxaemia he was admitted to our intensive care unit.
Physical examination findings on admission, performed with the patient in the seated position and receiving non-invasive ventilation, revealed no central cyanosis. His respiratory rate was 35 breaths/minute, heart rate 98/minute, blood pressure 110/75 mmHg and SpO 2 74% on an FiO 2 of about 0.8. He had no clubbing, jugular venous distension or peripheral oedema. Cardiac and respiratory auscultation was normal.
Dynamic manoeuvres revealed positional variance in symptoms and SpO 2 96% in the left recumbent position without distress, 85% in the right recumbent position and 74% sitting up, associated with marked dyspnoea. Of note, the patient was least dyspnoeic when recumbent. He was unable to ambulate without significant dyspnoea. Other physical examination findings were unremarkable.
Diagnostic investigations included an electrocardiogram, which revealed a sinus rhythm of 92/minute without changes suggestive of ischaemia or right-sided strain. The chest X-ray revealed mild cardiomegaly without lung field changes. A computed tomography pulmonary angiogram revealed no pulmonary emboli and no vessel or parenchymal abnormality. Initial arterial blood gas analysis revealed a PaO 2 of 41 mmHg, PCO 2 of 15 mmHg, HCO 3 16 mmol/l, base excess of -5 mmol/l and a normal lactate. Other biochemical results were within normal limits; however, we noted an increase in the patient's haemoglobin level since his cholecystectomy from 115 to 177 g/l. Cardiac enzymes were normal.
Transthoracic echocardiography was performed in the intensive care unit. Neither the interatrial nor interventricular septum could be visualised via the transthoracic approach. However, an agitated saline bubble study was strongly positive. Bubbles were visualised within the left atrium only three cardiac cycles after injection at the antecubital vein, indicating a right-to-left shunt. The shunt could not be visualised using colour flow Doppler at that stage.
Given the very high suspicion of intracardiac shunting, a transoesophageal echocardiogram (TOE) was performed. Given the patient's limited physiologic reserve and an airway shared with the TOE proceduralist, it was deemed safest to perform this study intubated.
Lignocaine 100 mg was administered nebulised to the patient. Midazolam 2 mg was administered intravenously prior to target-controlled infusion of remifentanil (target blood concentration 3.0 ng/ml, Minto Model) with 50 mg of propofol. No neuromuscular blockade was used, to allow rapid return to spontaneous ventilation if required. Some brief coughing was encountered on intubating the trachea, with transient desaturation to 80% for ten seconds, perhaps indicative of dynamic right-to-left shunting.
This resolved with a further 30 mg of propofol, with rapid correction of oxygen saturation to 100%. Mean arterial pressure was maintained between 70 and 80 mmHg with incremental boluses of metaraminol. Transition to positive pressure ventilation was well tolerated without desaturation, positive endexpiratory pressure (PEEP) being limited to 5 cmH 2 O and inspiratory pressures to 8 cmH 2 O. Oxygen saturation was maintained at 100% throughout on an FiO 2 of 1.0. The endotracheal tube was removed after spontaneous breathing and protective airway reflexes returned.
The TOE revealed an aneurysmal atrial septum with a 9 to 10 mm patent foramen ovale (PFO). Bidirectional flow could be demonstrated on colour Doppler imaging. A positive saline contrast study confirmed right-to-left shunting. A moderately dilated aortic root (4.4 cm) and ascending aorta (4.9 cm) were also noted incidentally. The left and right ventricles appeared normal. The valves were essentially normal with only mild aortic regurgitation.
In light of the above findings, the patient underwent transcatheter closure of the PFO (Amplatzer™ PFO Occluder 35 mm; St Jude Medical, Plymouth, MN, USA). The procedure was unremarkable and the patient improved both symptomatically and biochemically. His oxygen saturations on room air returned to 96%. He was able to comfortably complete a six-minute walk test. The patient was discharged home three days after closure of the PFO.
DISCUSSION
POS is a relatively rare, but well-described syndrome. It was first described in 1949 4 and reviewed recently in a systematic review 5 .
Our patient had documented risk factors predisposing to POS. He had a PFO, which is the predominant reported cause of POS. The median age of onset of POS is 70 years, with all reported cases occurring in patients aged greater than 50 years 5 , again consistent with our patient. His bi-atrial enlargement on transoesophageal echocardiography prior to development of POS is suggestive of the presence of shunting preoperatively. However, during his laparoscopic surgery he was neither hypoxic nor dyspnoeic.
While the mechanism of intracardiac POS is unclear 6 , it is characterised by right-to-left interatrial shunting. There are two postulated components necessary to the syndrome. The first is an anatomical defect at the level of the interatrial septum. Most commonly this is a PFO. A PFO is normally of no significance because higher pressures in the left atrium keep the valvular foramen closed. PFO is estimated to persist in 25% of the adult population. The prevalence decreases with age, but the size of remaining defects present are increased 7 . Less common sources of interatrial communication include atrial septal defect and a fenestrated atrial septal aneurysm. The second component involves a functional abnormality. This can be further divided into either an overall transient pressure elevation in the right heart and/or an anatomical distortion that favours incoming right atrial blood into the anatomical defect 8, 9 . Transient pressure changes are usually linked to elevated right atrial pressure in the context of a relative decrease in right ventricular compliance. The aetiologies attributed to this range from pulmonary emboli to simple age-related ventricular stiffness.
In contrast, the aetiologies attributed to anatomical distortion include aortic changes (e.g. dilation or elongation), kyphosis or pneumonectomy. The postulated mechanisms include a horizontal reorientation of the atrial septal plane secondary to a combination of mediastinal shift, counter-clockwise rotation of the heart and right atrial compression. It has also been suggested that external compression of the atria (e.g. from aortic dilation) has the added effect of increasing the mobility and permeability of the interatrial septum and exacerbating the existing anatomical defect 1, 5 . Our patient had aortic root dilatation. The anatomical distortion is further compounded in the upright position, as gravity results in infero-anterior displacement of the aortic root, further increasing right atrial compression and atrial septal defect size, thereby leading to the dyspnoea and hypoxia which characterises POS.
Post-pneumonectomy intracardiac POS is the most common surgical intervention associated with the syndrome, with both transient pressure changes and anatomical distortion reported. This is most apparent in right-sided pneumonectomy, and in some centres prophylactic PFO closure is offered prior to surgery to alleviate the risk of POS development 10 .
Laparoscopic surgery has many possible factors that could contribute to the development of new POS. These may include elevated intra-abdominal pressure, positioning, CO 2 insufflation, CO 2 absorption and changes to venous return 11 . Laparoscopic cholecystectomy is performed with insufflation pressures between 10 and 20 mmHg, which commonly produces increased bi-atrial pressures secondary to diaphragmatic elevation. It is performed in the reverse Trendelenburg position, which has been associated with a left-to-right atrium pressure gradient reversal 12 . The respiratory effects of increased intra-abdominal pressure relate to a decrease in functional residual capacity leading to potential atelectasis, ventilation/perfusion ratio mismatch, hypoxaemia and hypercapnia. The CO 2 used in insufflation is readily absorbed from the surfaces of the peritoneum, leading to potential hypercapnia and an increase in pulmonary vascular resistance relative to systemic vascular resistance 13 .
The anaesthetic management of a patient with POS is grounded in the principles of anaesthesia for intracardiac shunt. The main consideration is maintaining favourable haemodynamics to prevent or minimise right-to-left shunting. This involves preventing increases in pulmonary vascular resistance while maintaining systemic vascular resistance, favouring blood-flow through the pulmonary circuit rather than via the intracardiac shunt, as well as preserving the interatrial pressure gradient between left and right atria. Excessive positive intrathoracic pressure should be minimised during mechanical ventilation, with low inspiratory pressures and minimal PEEP. This latter point may be counter-intuitive in the hypoxic, desaturating patients under anaesthesia. Cujec et al demonstrated the effect on shunting of even modest PEEP in this patient group, where addition of 10 cmH 2 O PEEP increased the shunt fraction in six of seven patients with a PFO and decreased the shunt fraction in 32 of 39 control group patients without a PFO 14 . Valsalva-like activity, such as coughing or straining against an endotracheal tube, may similarly prove deleterious. Hypoventilation during sedation with resultant hypercapnia is undesirable and led us instead to preferentially mechanically ventilate our patient. A further concern with right-to-left shunting is the possibility of paradoxical embolus across the interatrial septum. For this reason, meticulous attention must be paid during anaesthesia to avoid entrainment or injection of air into intravenous lines.
The management of POS in this setting is closure of the PFO. Percutaneous closure is minimally invasive and preferred to open surgery 15 . It has a high rate of prosthesis implantation, with immediate improvement in symptoms 16 . Complication rates are low, with the most significant event being embolic cerebral vascular accident 17 .
The mechanism of laparoscopic surgery-related POS is tenuous at best. Iwase et al reported on a case of transient paradoxical shunting intraoperatively during pneumoperitoneum in the setting of known tricuspid regurgitation 12 . In this setting, the proposed mechanism was a combination of pneumoperitoneuminduced increase in thoracic pressure and positive pressure ventilation. In this case, the shunting resolved with the removal of pneumoperitoneum 12 . Girard et al suggested that increased intrathoracic pressures in combination with increased venous return during insufflation in the Trendelenburg position is sufficient to induce permanent paradoxical shunting via a PFO. However, we notice in this setting the additional risk factor of kyphosis 3 . Moorthy et al and Lemaire et al reported cases of persistent opening of functionally closed PFOs secondary to conventional mechanical ventilation; however, both cases were in the context of cardiac surgery 18, 19 .
In our case, the patient likely had an existing asymptomatic PFO not discovered on preoperative transthoracic echocardiography. While it is possible that the unfavourable physiology associated with laparoscopic surgery may have affected the flow through the PFO in the context of other risk factors predisposing to POS, it is also equally possible that conventional mechanical ventilation alone may have been sufficient to produce such an effect. The patient reported by Girard et al developed POS in the immediate postoperative period following laparoscopic cholecystectomy. In contrast, our patient was initially discharged home with normal saturations, only to develop symptoms one month later. While the anatomical changes (PFO and aortic dilation) remained present upon discharge, the functional changes associated with laparoscopy would have resolved. Given the normality of the patient's oxygenation on discharge it is difficult to implicate laparoscopy in causing persistent symptoms. With respect to permanent anatomical distortion secondary to cholecystectomy, given the distance of the relevant organ from the mediastinum, it is unlikely to have had a significant impact. Without any further insult in the intervening weeks prior to presenting with POS, it is difficult to provide a robust explanation linking the series of events in our case.
CONCLUSION
In conclusion, POS has a clinically pathognomonic presentation with a variety of causes. It is rare and appears to occur in patients older than 50 years. In this demographic, POS is an important differential for the clinician to consider when investigating hypoxia without an obvious cause, particularly if there are any risk factors associated with POS. The question of positional variation should be elicited and assessed. If clinically suspected, POS is readily confirmed with TOE and easily remedied with percutaneous closure.
